Introduction 41
Enset (Ensete ventricosum (Welw.) Cheesman) is a diploid (2n=18), herbaceous, perennial 42 monocarpic crop belonging to the family Musaceae. Enset is often referred to as false banana, due 43 to its phenotypic resemblance to banana (Musa species). The crop is cultivated exclusively in 44 Ethiopia, where it has a considerable economic and social importance for millions (Brandt et al., 45 1997; Borrel et al., 2019) . 46
Enset is tolerant to prolonged drought and provides a year-round source of staple nutritious food. 47
It is thus widely cultivated across south and southwestern Ethiopia contributing to improved food 48 security for more than 20 million Ethiopians (Yesuf and Hunduma, 2012 , Yemataw et al., 2017 . 49
For farmers, enset is more than a year-round staple food, as it provides multiple additional daily 50 benefits yet requires little crop management husbandry. The multipurpose benefits are derived 51 from different enset landraces that are particularly suited for feed, fiber, packaging, construction 52 material as well as providing a medicinal role (Brandt et al., 1997; Nurfeta et al., 2008; Yemataw 53 et al., 2017) . Due to its long history of cultivation across diverse ethnic groups, enset has 54 significant cultural and socio-economic value in Ethiopia (Shigeta, 1990; Olango et al., 2014, 55 transferred it to the species Xanthomonas vasicola (Studholme et al. 2019 in press). Currently, the 64 disease is found distributed in all enset growing areas of southern and southwestern Ethiopia, 65 where it has a devastating impact on enset production (SARI- McKnight In banana transgenic approaches have been demonstrated for resistance against Xvm (Namukwaya 84 et al., 2012) due to absence of genetic resistance in the cultivated banana germplasm pool. While initial results look promising, this approach would require biosafety regulations for the adoption and use of transgenic plants, and adoption of the approach to enset. Hence, the availability of 87 sources of resistance to Xvm in enset germplasm could serve as a breeding stock against Xvm in 88 enset as well as banana plant. 89
To date, no systematic screening has been undertaken on the same enset landraces that are reported 90 to have high tolerance to Xvm infection. Such a study would greatly assist breeding/selection 91 efforts to identify elite landraces exhibiting enhanced Xvm resistance. In this paper we have 92
undertaken field experiments to re-evaluate selected enset landraces previously reported to have 93 reduced susceptibility to Xvm. We undertook a detailed study of the infection reaction and 94 identified specific enset landraces with potential to contribute towards sustainable management of 95 the disease, using a common garden experiment at a single site to minimize environmental 96 variability and enable a detailed study of the infection reaction and identify specific enset landraces 97 with potential to contribute towards sustainable management of the disease. 98 99 Briefly, the mother corm was dissected into two equal halves and the apical tissue removed from 131 the center of each half corm to allow secondary meristems to develop into suckers for planting. 132
These dissected corms are dried in the shade for 3 hours prior to planting. Each half corm was 133 planted in slanted orientation in holes of 1 m x 1m and covered with soil. 134
After 12 months, multiplied enset suckers were uprooted and transplanted into a 5 kg capacity 135 plastic pot filled with sun dried mixtures of soil: sand: manure at a ratio of 3:1:1 (Quimio, 1992) and placed in an open field experimental site at SARI. Suckers were allowed to establish for two months to get sufficient leaves (>3) to allow inoculation with Xvm. During this establishment 138 period, suckers in plastic pots were watered daily prior to inoculation with Xvm and for a 139 subsequent two months after Xvm inoculation. Watering thereafter was reduced to two times per 140 weeks for remaining experimental period. For initial assessment of pathogenicity tests, 14-month-old (i.e. two months after transplanting) 160 disease-free enset suckers of the susceptible landrace 'Arkia' (Handoro and Welde-Michael, 2007) 161 were infected with 4 mL of bacterial suspension (~10 8 cfu/mL at OD600 = 0.5) from uncultured and 162 cultured inocula. 163
Inoculation of Xvm to test landraces 164
As the uncultured bacterial suspension resulted in shorter incubation period and more severe 165 disease on both N. tabacum and enset landrace Arkia during the pathogenicity tests, field-166 harvested, uncultured Xvm suspensions preserved at 4 0 C were used as inoculum for landrace 167 evaluation. Suckers of 14-months-old enset landraces (two months after transplanting in potted 168 soil mix) were inoculated with a 4 mL aliquot of the bacterial suspension, adjusted to ~10 8 cfu/mL 169 Mazia that is frequently cited (Table 1) for its resistance/tolerance to Xvm. 210
Area under disease Progress Curve
number of total observations, and D is duration from the first to the last observation (D=tn-t1)., n 214 is the number of total observations, and D is duration from the first to the last observation (D=tn-215 t1). 216
Data analysis and visualization 217
Various functions from the following R packages were used for data manipulation and formatting: 218 Plot of the area under disease progress stairs showed more or less distinct curves and disease build-287 up for the tested 20 enset landraces ( Figure 5A ). Analysis of AUDPS also showed a spectrum of 288 significant differences (P<0.05) among landraces with landrace Arkia having the highest and 289
Hae'la the lowest AUDPS value ( Figure 5B ). In addition, the analysis revealed that landraces could 290 be grouped to fewer clusters based on their AUDPS values; those at lower tail, middle to upper 291 tail, the last landrace Arkia that showed the peak AUDPS value. (Table 3) . 314
As evidenced from the lowest AIR, disease development rate is the slowest in landrace Lemat, and 315 fastest in Genticha, Abatemerza, Nechuw, Gefetano and Godere. Interestingly, AIR did not show 316 a direct linear relationship with disease index suggesting that AIR varies among enset landraces 317 irrespective of disease severity of landraces as measured by DI. 318 A DI of  2.23 was used as a time-to-event cutoff point for survival analysis. This cut-off DI is 327 the peak of infection level of the resistant/tolerant control enset landrace "Mazia". The survival 328 data generated with the survfit function of the survival package against landraces stratified by 329 block, best fitted a Gaussian distribution that showed the minimum AIC and BIC values (Table 4) A survival fit to Gaussian distribution revealed that a higher proportion of plants survive from 345 landraces that showed mild infection than those landraces that showed severe infection (see peak 346 disease index) during the course of disease development ( Figure 6 Muzemil). Furthermore, these areas also reside along the belts of the initial discovery of Xvm by 464 Castellani (1939) in southern Ethiopia. Hence, we hypothesize that the co-existence of Xvm with 465 these enset might have contributed to evolution of landraces with lower susceptibility to Xvm 466 infection. 467
Enset landraces with lower susceptibility to Xvm identified in this study i.e landraces Hae'la, 468
Lemat and Mazia, along with highly susceptible landraces provide the foundation for further 469 testing in multi-stage and environment conditions in order to better understand the underpinning 470 resistance/tolerance components. We note that it is important that not only the source of landraces, 471 but also the pathogen inoculum need to be considered for future studies. The authors would like to undertake that all authors listed have contributed sufficiently to the 483 project to be included as authors. To the best of our knowledge, no conflict of interest, financial 484 or other, exists. We have included acknowledgements, conflicts of interest, and funding sources 485 after the discussion. 486
